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ABSTRACT 
The World is suffering from the crisis of energy.  
day because of its declination rate of formation 
and storage. The use of fossil fuel also causes 
various natural disasters like greenhouse effect, 
increasing of the sea level and interruption in 
ecological as well as natural cycles. Nowadays, 
renewable energy sources are being used to 
contribute to the main stream of energy sources. 
In this paper, a clean energy system is proposed 
as a lens-based solar collector. In this system 
emphasis are given to keep the size of the 
collector smaller than the existing collectors, 
protection of heat leakage, increasing of the net 
temperature label and application-oriented 
design to create a fish drier.  
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INTRODUCTION 
 
Energy consumption plays a vital role in our daily 
life to provide services, goods and transportation. 
Fossil fuels are the main source of energy from the 
very beginning. Population growth and industrial 
development increase the demand of fossil fuel over 
the world. Unfortunately, the reserve of fossil fuels 
is declining very fast and will be finished in the 21st 
century [1]. The impacts of fossil fuels are 
disastrous. The extraction and transportation of 
fossil fuels causes serious environmental pollutions 
and threats to plants, animals and human life. The 
burning of fossil fuels associate with irreversible 
consequences of global warming, severe air 
pollution and many health risks like asthma, 
bronchitis and other chronic respiratory diseases and 
cancer [2]. Encouragement of using clean energy 
results 20% of global power harvesting from 
renewable energy as of 2011. One of the Sustainable 
Development Goals of Bangladesh is to ensure 
universal access to electricity by 2030 using 
renewable energy [3]. Therefore, renewable energy 
such as wind, hydraulic and solar energy is 
potentially competitive. 
The solar light energy is measured on the unit area 
of the earth surface per second is termed as solar 
irradiance [4]. Solar thermal energy is a conversion 
of solar irradiance into thermal energy or electrical 
energy for domestic and industrial applications [5, 
6]. Solar energy is abundant in the nature. The wind, 
hydraulic energy is indirect forms of solar energy, 
whereas solar thermal energy, photovoltaic cell is 
direct form of solar energy. The sun emits about 4 
kW of energy in the form of light and radiations [7]. 
The solar radiation deposited to the earth 
atmosphere measured by NASA is about 1.368 
KW/m2 [8]. However, about 30% of energy is 
attenuated by the atmosphere and only about 1.0 
KW/m2 is absorbed by the earth surface when the 
day is sunny and the sun location is at the zenith. 
Therefore, the maximum solar constant is about 1 
KW/m2 [9]. About 1.8x1014 KW out of 3.8x1023 
KW (63 MW/m2 of the sun’ surface) radiated solar 
power is clutched by the earth surface. For a 30 
minute of duration of sunlight on the earth surface 
equals to the per year energy demand of the world 
[10]. 0.1% of trapped solar radiation conversion 
with 10% efficiency may produce 3000 GW of 
electricity which is four times of world’ electricity 
production [11,12].  
Bangladesh is situated in between 
20°42'11.2” to 26°37'57.3” North latitude and 
20°42'11.2” to 26°37'57.3 East longitude [13, 14]. In 
Bangladesh, we get an average insolation of 5 
KWh/m2 over 300 days per year. Maximum solar 
irradiance is absorbed during the month of March-
April, whereas during the month of December-
January, it is minimum. The average bright sunshine 
in Bangladesh ranges from about 7.6 hours/day to 
4.7 hours/day from dry season to the monsoon 
season respectively. A study of the year 2012 in 
Bangladesh, it is found that the daily sunshine varies 
from 10 to 7 hours which is reduced to 4.6 hours 
(54%) due to rainfall, cloud and fog [15]. The 
average solar irradiance in Bangladesh varies from 
215 W/m2 in the North-West to 235 W/m2 in the 
South-West per day [16]. Therefore, Bangladesh has 
potential scope of harnessing plentiful solar energy. 
A heat exchanger that transforms solar 
irradiance into internal energy of a working fluid to 
perform specific task is known as solar energy 
collector [17]. With the advancement of solar energy 
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collector technology though there are many types of 
solar collectors but they are basically two types: 
nonconcentric or stationary and concentric [18]. 
Based on application, mainly three types of solar 
collectors are designed such as low temperature 
(about 65 oC), medium temperature (100-300 oC) 
and high temperature (above 500 oC) solar 
collectors [19]. In this paper, an innovative passive 
concentric type total lens base solar collector has 
been proposed for domestic/cottage industries low 
temperature applications such as water heater and 
organic perishable foods/ fish drying.  
The recently described phenomenon of 
hubness has been marked as potentially highly 
detrimental. The term was coined after hubs, very 
frequent neighbor points which dominate among all 
the occurrences in the k-neighbor sets of inherently 
high-dimensional data. Most other points either 
never appear as neighbors or do so very rarely. They 
are referred to as anti-hubs. This property is usually 
of a geometric nature and does not reflect the 
semantics of the data, as discussed in the context of 
music retrieval. The researchers have noticed that 
some songs are very frequently being retrieved but 
were unable to attribute these occurrences to any 
similarity observable by people. There is no easy 
way out, as demonstrated since dimensionality 
reduction techniques fail to eliminate the neighbor 
occurrence distribution skewness for any reasonable 
dimensionality of the projection space [17]. The 
skewness decreases only when mapping to very low-
dimensional spaces, where too much potentially 
relevant information is irretrievably lost. Therefore, 
hubness remains a phenomenon which needs to be 
taken into account when using nearest neighbor 
methods on high-dimensional data. Shared neighbor 
distances are sometimes used as secondary distance 
measures when dealing with high dimensional data, 
usually in clustering applications. Similarity 
between points is defined as the number of shared 
neighbors in their k- neighbor sets and distances 
between points are then usually defined in one of the 
several essentially equivalent ways, Shared neighbor 
distances have been mentioned as a potential cure 
for the curse of dimensionality. We have chosen to 
focus on using the shared neighbor distances in 
supervised learning, k-nearest neighbor (k-NN) 
clustering particular (where the neighbors are 
determined based on the secondary distances) [16], 
[17]. Researcher have measured the hubness of the 
induced shared neighbor spaces and have shown that 
hubness -aware k-nearest neighbor classification 
leads to significant improvements over the basic k-
NN even when using these secondary distances 
instead of the original underlying metrics. In other 
words, shared neighbor distances do not eliminate 
hubness, so they do not entirely overcome the curse 
of dimensionality. Hubness has an impact on the 
forming of the shared neighbor similarity scores, so 
we propose a new hubness-aware method for 
calculating shared neighbor similarities/distances. 
 
Literature Survey 
 
The first recorded application of solar 
energy collectors to harness the sun’ power was 
done by the Greek scientist, physician and inventor 
Archimedes who in 212 BC used solar energy to 
burn the Roman fleet invading Syracuse [20]. The 
story of solar water heating system began in the 
1760s in Geneva, Switzerland observed by Horace-
Benedict de Saussure, a Swiss naturalist.  In 1891, 
Clarence Kemp, an American plumbing and heating 
manufacturer designed the first commercial solar 
water heater the Climax. In 1909, William J. Bailey 
found a way out of the dilemma: separating the solar 
heating of the water from its storage. 
In Israel, solar water heating system in 
domestic purpose is mandated and daytime use of 
electricity for household water heating is restricted 
by the government. Almost 90% of Israelis use solar 
energy to heat water for domestic use without any 
monetary incentive. Cyprus, Barbados Trinidad and 
Tobago like Israel are illustrative examples of 
effective and profitable solar water heater user. In 
2005, solar energy for water heating system in 
America was equivalent to almost 70 million barrels 
of fossil fuel consumption and reduced 29,000,000 
ton of carbon emissions [21]. 117.6 GW and 173.5 
GW of solar thermal heating system were installed 
in China and over the world in 2010 [22]. Recently 
in Bangladesh, using of solar energy is being 
increased day by day in domestic/cottage industries 
such as producing electricity, energy storage, drying 
of perishable foods and fish etc. using different 
concept. 
 
DEVELOPMENT OF COLLECTOR 
 
The total lens based solar collector is 
consisting of three parts: Top Hemisphere, Bowl 
Collector And Sealed Ring Fastener. 
Top Hemisphere: This part consists with a 
half spherical (as Fig.1) Shaped aluminum surface 
and twenty-two convex lenses. Each lens is put in 
the surface of spherical shaped aluminum surface 
with the help of silicon gum. The outer surface of 
this part is black in colour to enhance heat 
absorption. There is a 20 focal length double convex 
lens in the center of the upper surface. This center 
lens is surrounded by other 21 lenses along three 
circular paths. The first circle is consisting with five 
20 cm focal length lenses. Each of the second and 
third circle lenses has focal length of 18cm and 15cm 
respectively and having eight lenses in each circle. 
There is a small hole for putting thermometer inside 
of the collector. There is another hole (normally 
closed) to allow inside air to be released when the 
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collector will be used for fish drying purpose.  Inside 
(as Fig. 2) of this part is covered with aluminum foil 
to augment solar insolation concentration [23]. 
 
           
          Figure 1: Top view of upper part  Figure 2: Inner surface of upper part 
 
Bowl Collector:  The bowl collector is 
made of two bowls: the inner one is an aluminum 
bowl and the outer bowl is made of white cork sheet. 
The space in between the two bowls is filled with 
cotton to ensure good thermal insulation. The outer 
surface is blackened. The inner surface (as Fig. 3) is 
covered with aluminum foil paper which is acted as 
a good reflector. 
 
     
Figure 3: Inner surface of Bottom part      Figure 4: Side camera view of the lens based solar collector. 
 
Sealed Ring Fastener: The upper and 
lower bowls are joined (as in Fig. 5) with a 
rubber ring to ensure air tight fastening and then 
it is enclosed by a metallic ring with a nut-bolt 
mechanism for holding the two bowls in place 
tightly. The total weight of lens based solar 
collector without insulator is 1.15kg. 
 
 
Figure 5: Front view of lens based solar collector. 
 
The experimental setup has been placed at 
the top roof of Mechanical Department Building of 
CUET. For analyzing the performance of the solar 
collector about one-week data have been collected.  
Data Analysis of Lens based Solar 
Collector in Air Medium: The average temperature 
gain is about 10 oC during cloudy condition, whereas 
during sunny condition, it is about 16 oC on the 3rd 
September, 2018 in Fig. 6. From Fig. 7, during 
cloudy weather, the temperature raise is about 12 oC 
and in sunny weather, it is about 25 oC. The Fig. 6 
shows the comparative temperature raise among 
four days in air medium by the collector in which the 
temperature rise is 5 oC during bad weather 
condition of consecutive two days of 8th and 9th 
September, 2018. 
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Figure 6: Data plotting of September 3, 2018.          Figure 7: Data plotting of September 10, 2018. 
 
 
Figure 8: Temperature Raise in Air Medium 
 
Data Analysis of Lens Based Solar 
Collector in Water Medium: The normal water 
temperature is 29°𝑐 for 11/9/18, 23/9/18, 29/9/18 
and 28°𝑐 for 12/9/18 and mass of water is 1Kg. 
Mathematical equation used: 𝑄 = 𝑚𝑠∆𝜃 Where, 
Q=heat added, m= mass, s=specific 
heat,∆𝜃 =change in temperature
 
Table 1: Temperature recorded on Sep. 23, 2018 Table 2: Temperature recorded on Sep. 29, 2018 
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Table 1 and table 2 show two sets of collected 
data on different weather condition. On the 
sunny day, the temperature rises in water 55 OC 
at 1:00 pm and during bad weather, it is about 40 
oC to 45 oC. Therefore, the prototype may able to 
raise more than 10 oC of temperature in the 
medium. The comparative performance of the 
built collector is depicted in the Fig. 9 and Fig. 
10, on favorable weather and adverse weather 
conditions. 
 
                   
Figure 9: Temperature recorded on Sep. 23, 2018             Figure 10: Data plotting of September 29, 2018 
 
The temperature gained in the water 
medium on four days is illustrated on the Fig. 11. 
The minimum temperature gain is 5 on the 11th 
September, 2018 of adverse weather situation. 
During a good weather conditions i.e. on the 12th. 
23rd and 28th September, 2018, the temperature 
gain is in between roughly 15  to 25 , which is good 
enough for low temperature domestic or cottage 
industries solar applications. The little prototype 
shows auspicious heat gained more than of 100 
kJ/hour from noon to afternoon on favorable 
weather condition in the Fig. 12. 
   
     
Figure 11: Temperature recorded on Sep. 23, 2018           Figure 12: Data plotting of September 29, 2018 
 
CONCLUSION AND FUTURE WORKS 
 
The US Energy Information 
Administration (EIA) estimated that 35.3% from 
petroleum, 19.6% from coal, and 26.8% from 
natural gas, that total of 82% of energy was 
consumed from fossil fuels, whereas only 8.3% from 
nuclear energy and 9.1% from renewable energy 
respectively [24]. The over population, modern life 
style and industrial advancement accelerate the 
energy demand and consumption over the world 
which results higher incremental Carbon dioxide 
(CO2) emission [25]. This large amount of CO2 is 
liable for ozone layer declination, global warming 
and several natural disasters with detrimental social, 
human and economic impact. To control all of the 
above-mentioned problems, we have to appoint 
more concentration on how efficiently, smartly and 
economically we can use the solar energy. From this 
point of view, this project have designed and 
experimentally analyzed the data obtained from the 
lens- based solar collector with different medium 
and of different day. The maximum temperature in 
air medium is 55 oC in September 10, 2018 and in 
water medium is 56 oC in September 23, 2018. 
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Due to cloudy weather, the collector has 
not worked efficiently. Due to poor insulation and 
reflector as well as, lack of sufficiently sunny space 
for collector installation the performance is not up to 
expected level. Hopefully a real type prototype will 
able to harvest more solar irradiance. An active sun 
trucking collector will provide lenses to get more 
radiation intensely, which will enhance its 
performance. In future, further improving the shape, 
size, reflector, insulation and lenses, higher 
temperature raise can be obtained. However, with 
respect to its limitations the performance is good 
enough for future research encouragement which 
has discussed in this paper. 
 
REFERENCES 
 
1.  Shahriar Shafiee and Erkan Topal (January, 
2009), “When will fossil fuel reserves be 
diminished?”, Elsevier Energy Policy, Volume 
37, Issue 1, pp. 181-189, Available at 
https://doi.org/10.1016/j.enpol.2008.08.016. 
2. (July, 2008), “The Hidden Costs of Fossil 
Fuels”, Union of Concern. Scient., Available at 
https://www.ucsusa.org/resources/hidden-
costs-fossil-fuels. 
3. UNDP Bangladesh, (GOAL7: Affordable 
And Clean Energy), Available at  
https://www.bd.undp.org/content/bangladesh/
en/home/sustainable-development-goals/goal-
7-affordable-and-clean-energy.html. 
4. Sun Rob Garner, (2008), “Solar Irradiance”, 
Available at 
https://www.nasa.gov/mission_pages/sdo/scie
nce/solar-irradiance.html 
5. Wikipedia (November, 2017), “Solar Thermal 
Energy”, Available at 
https://en.wikipedia.org/wiki/Solar_thermal_e
nergy. 
6. Cutler Cleveland Christopher Morris (2015), 
“Dictionary of Energy”, Uni. of Florida,  2nd 
Ed., ISBN: 9780080968124, pp. 700, 
Available at 
 https://www.elsevier.com/books/dictionary-
of-energy/cleveland/978-0-08-096811-7  
7. “The Sun's Energy”, UT Instit. of Agricul., 
University of Tennessee, Available 
athttps://ag.tennessee.edu/solar/Pages/What%
20Is%20Solar%20Energy/Sun's%20Energy.as
px 
8. Thomas Carl Hartman (1998), “Sunlight”, 
Wikipedia Available at  
https://en.wikipedia.org/wiki/Sunlight. 
9. “Sun”, Wikipedia, Available at  
https://en.wikipedia.org/wiki/Sun 
10. Soteris A. Kalogirou (2004), “Solar Thermal 
Collectors and Applications’’, Progress in 
Energy and Combus. Sci., Volume 30, Issue 3, 
pp. 231–295, Available at 
https://doi.org/10.1016/j.pecs.2004.02.001. 
11. Thirugnanasambandam Mirunalini, S. Iniyan 
and Ranko Goic (2010), “A Review of Solar 
Thermal Technologies’’, Renew. and Sust. 
Energy Rev., Volume 14, Issue 1, pp 312– 322, 
Available at 
https://doi.org/10.1016/j.rser.2009.07.014. 
12. Frank Kreith; Jan F Kreider (1978), “Principles 
of Solar Engineering”, McGraw-Hill, New 
York, ISSN: 0070354766, Available at 
 https://www.worldcat.org/title/principles-of-
solar-
engineering/oclc/838751158?referer=di&ht=e
dition. 
13. Haroun Er Rashid (1991), “Bangladesh 
Geography”, Uni. Press Ltd, Dhaka, Available 
athttp://en.banglapedia.org/index.php?title=Ba
ngladesh_Geography. 
14. David Mengen and Firoz Aaron (2018), “Solar 
Irradiance Measuring sites in Bangladesh, 
Conducting a National Photo Voltaic 
Resource.” Assess. Study/ Res. and Train. in 
Bangladesh for SrepGen Projects of UNDP 
Bangladesh, Available at 
https://www.undp.org/content/dam/banglades
h/docs/Projects/srepgen/solar_radiation_studie
s_ITTrms_24_09_18.pdf. 
15. M.F. Hossain, S. Hossain and M.J. Uddin 
(2017), “Renewable energy: Prospects and 
trends in Bangladesh”, Renew. and Sust. 
Energy Rev., Volume 70, pp. 44–49, 2017, 
Available at 
 https://doi.org/10.1016/j.rser.2016.11.197. 
16. Anik Deb, Mahmud Abdul Matin Bhuiyan and 
Arefin Nasir (2013), “Prospects of Solar 
Energy in Bangladesh”, IOSR J. of Elect. and 
Electro. Eng., ISSN: 2278-1676, Volume 4, 
Issue 5, pp. 46-57 Available at 
http://www.iosrjournals.org/iosr-
jeee/Papers/Vol4-issue5/H0454657.pdf 
17. Soteris A. Kalogirou (2014), “Solar Energy 
Engineering”, Elsevier, 2nd Ed., pp. 815, 
Available at 
 http://1.droppdf.com/files/AvIdq/solar-
energy-engineering-processes-and-systems-
2nd-ed-2014-.pdf 
18. Soteris A. Kalogirou (2004), “Solar thermal 
collectors and applications”, Progr. in Energy 
and Combust. Sci., Volume 30, Issue 3, pp. 
231–295, Available at 
https://doi.org/10.1016/j.pecs.2004.02.001. 
19. Mario Potente Prieto,  Neena Solomakhina and 
Pilar Monsalvete Álvarez de Uribarri  
(2019),“5-Multimodal networks and 
decentralized renewable generation: Network 
modeling and energy/exergy performance 
evaluation”, Urban Ener. Sys. for Low-Carbon 
Cities, pp. 181-239, Available at 
  
31 Page 25-31 © MAT Journals 2020. All Rights Reserved 
 
e-ISSN: 2582-5747 
Volume-5, Issue-1 (January-April, 2020)  
 
http://doi.org/ 10.5281/zenodo.3743963 
 
Journal of  
Thermal Energy Systems 
 
www.matjournals.com 
 
https://doi.org/10.1016/B978-0-12-811553-
4.00005-6. 
20. Soteris A. Kalogirou,“ Low Temperature solar 
collectors”, Higher Techn. Instit., Nicosia, 
Cyprus, Volume 1, pp. 1-10, Available at 
http://www.eolss.net/Sample-
Chapters/C08/E6-106-04.pdf. 
21. John Perlin (2008), “Workhorse of The Solar 
Industry”, Pacific Stand., Available at 
https://psmag.com/environment/workhorse-
of-the-solar-industry-4736 
22. “China’s Solar Thermal Heating Industry is 
First in the World”, Available at 
https://www.asiabiomass.jp/english/topics/12
09_06.html. 
23. Kazy Fayeen Shariar, Enaiyat Ghani Ovy and 
Tabassum Aziz Hossainy (2011), “Closed 
Environment Design of Solar Collector Trough 
using Lenses and Reflectors”,  Conf. World 
Renew. Energy Cong., Sweden, Available at 
https://pdfs.semanticscholar.org/e5fc/6bca7cb
dc4e6b0e19755d916ba27bd481282.pdf 
24. Eugene D. Coyle and Richard A. Simmons 
(2014), “Understanding the Global Energy 
Crisis”, Purdue Univer. Press, ISBN: 
1557536619, pp. 318, Available at 
http://www.thepress.purdue.edu/titles/format/
9781557536617. 
25. Rinkesh “What is the Energy Crises?”, 
Available at https://www.conserve-energy-
future.com/causes-and-solutions-to-the-
global-energy-crisis.php. 
 
Cite as: Syed Masrur Ahmmad, Puja 
Chowdhury, & Sajal Chandra Banik. 
(2020). Design and Experimental Analysis 
of a Lens Based Solar Collector. Journal of 
Thermal Energy Systems, 5(1), 25–31. 
http://doi.org/10.5281/zenodo.3743963 
 
 
